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(54) Optical network switching system 

(57) An apparatus is provided for multiplexing opti- 
cal signals in an optical network. In accordance with one 
aspect of the invention, the apparatus includes a plural- 
ity of input fibers disposed to receive a plurality of opti- 
cal input signals. Each optical input signal is defined by 
a wavelength. A first converter is disposed in series with 
each of the plurality of input fibers, and is configured to 
convert each optical input signal into an electrical input 
signal in a manner such that each electrical input signal 
is defined by a frequency that corresponds to the wave- 
length of the optical input signal. A second converter is 
disposed in series the first converter, and is configured 
to convert the electrical input signal into a plurality of 
optical signals of differing wavelengths at an output. A 
first optical switch — having a plurality of switch inputs 
and a plurality of switch outputs and a plurality of optical 
fibers extending between the plurality of switch inputs 
and the outputs of the plurality of second converters — 
is also included. Each optical fiber, within the first optical 
switch, carries the optical signals of differing wave- 
lengths generated by the second converter. The first 
optical switch is configured to select one of the optical 
signals of differing wavelengths from each of the switch 
inputs and controllably direct that optical signal to any of 
the switch outputs. In this way, optical signals on the plu- 
rality of input fibers may be controllably routed and mul- 
tiplexed to the plurality of output fibers. Specifically, the 
first and second converters cooperate to ensure the 
optical signals that are multiplexed together on a single 
optical fiber are of differing wavelength. 
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Description 

Field of the Invention 

[0001] The present invention generally relates to opti- 
cal network communication devices, and more particu- 
larly to an improved optical multiplexing network having 
the ability to rearrange signals carried on different opti- 
cal fibers and add and drop optical signals from these 
fiber paths. 

Discussion of the Related Art 

[0002] Switching systems are well known in the com- 
munications field. In the telecommunications field, for 
example, switching systems are used to route calls from 
point to point. In this regard, switching systems nnay be 
embodied in a central office (CO) or an exchange, and 
such switching systems often are utilized for routing sig- 
nals. Thus, the signal from a caller at a first endpoint 
passes through a local exchange (central office) and 
perhaps several other intermediate exchanges, in route 
to the destination or called endpoint. 
[0003] To achieve its broad functionality, a switching 
system is generally characterized by a plurality of input 
lines and a plurality of output lines for carrying informa- 
tion signals. Traditionally, switching systems have been 
embodied as electrical switching systems. Electric con- 
ductor lines carry electrical information signals into and 
out of the switching system. In manners that are well 
known in the art, the various electrical signals are multi- 
plexed, modulated, or otherwise manipulated within the 
switching system so that incoming electrical signals (on 
incoming lines) may be cbntrolIafc>ly routed to outgoing 
signal lines. Electrical switching systems realize certain 
advantages, which include ease of implementation and 
flexibility. 

[0004] As is known, a plurality of electrical information 
signals may be carried on each incoming signal line. It 
is relatively easy, in the electrical domain, to separate 
these signals at a switching system and recombine 
them in different ways for transmission on the outgoing 
lines, through modulation or multiplexing techniques 
that are well known. Of course, the number of electrical 
signals that may be multiplexed or modulated on any 
given electric signal line is determined by the bandwidth 
of the line and the information rate of the electrical sig- 
nals carried on the line. In this regard, the shortcoming 
generally recognized in connection with electric switch- 
ing systems relates to the relatively limited bandwidth of 
the transmission lines. 

[OO05] In recent years, the proliferation of data com- 
munications has placed a significantly increased 
demand on transmission bandwidths. The information 
rate (bandwidth) for voice communications is relatively 
low (typically 64 kbits per second). However, the recent 
and ever-increasing use of the Internet, and other sys- 
tems that transmit relatively large amounts of data 



across communication links, has underscored the bot- 
tleneck in electric transmission systems. As a result, 
optical transmission systems are rapidly replacing elec- 
trical transmission systems. 

5 [0006] As is known, optical systems have a much 
larger bandwidth, and with it the ability to transmit a 
much greater volume of data through a single transmis- 
sion line. Unfortunately, optical signals and thus optical 
systems do not have the flexibility that electrical signals 

10 have in regard to their ability to multiplex with other opti- 
cal signals. More specifically, even in optical transmis- 
sion systems, information signals are generally 
converted from the optical domain to the electrical 
domain at the input side of the switching systems, so 

15 that signals may be separated and recombined as 
desired, then electrical signals are converted back to 
the optical domain on the outgoing side of the switching 
system. This multiplexing and demultiplexing has been 
performed traditionally using in the electrical domain. 

20 using electrical components. 

[0007] Recently, however, certain optica! devices have 
been developed, which allow certain limited multiplexing 
capability in the optical domain. For example, wave- 
length-division multiplexing (WDM) technology offers a 

25 practical solution of multiplexing many high-speed 
channels at different optical canier frequencies and 
transmitting them over a common fiber. As is known, 
WDM is conceptually similar to frequency division multi- 
plexing in the electrical domain, except that a plurality of 

30 optical signals (of differing wavelength) are communi- 
cated through a common optical fiber. A significant limi- 
tation, however, to these systems is observed at an 
exchange, wherein certain signals from incoming opti- 
cal trunks are routed, or switched, to output trunks. Spe- 

35 cifically, two different optical signals of similar 
wavelength cannot be placed on a common optical fiber. 
As a result, signal wavelength acts as a limitation to the 
nnanner and flexibility in which optical signals may be 
handled at an exchange. 

40 [0008] Accordingly, there is an identifiable need to pro- 
vide an optical switching system that has an improved 
capability to multiplex and route optical signals in an 
optical switching system. 



[0009] Certain objects, advantages and novel features 
of the invention will be set forth in part in the desaiption 
that follows and in part will become apparent to those 

50 skilled in the art upon examination of the following or 
may be learned with the practice of the invention. The 
objects and advantages of the invention may be realized 
and obtained by means of the instrumentalities and 
combinations particularly pointed out in the appended 

55 claims. 

[001 0] To achieve the advantages and novel features, 
the present invention is generally directed to an appara- 
tus for multiplexing optical signals in an optical network. 
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In accordance with one aspect of the invention, an 
apparatus includes a plurality of input fibers disposed to 
receive a plurality of optical input signals. Each optical 
input signal is defined by a wavelength. A first converter 
is disposed in series with each of the plurality of input 
fibers, and is configured to spatially separate different 
wavelengths on each input fiber onto different optical 
waveguide or fiber paths. A second converter is dis- 
posed in each of these paths and configured to convert 
each such optical input signal into an electrical input 
signal, whereby each .electrical input signal carries the 
information in the optical signal of one wavelength of the 
optical signal carried in one of the input fibers. A third 
converter is disposed in series with these converters, 
and is configured to convert this electrical input signal 
into a new optical signal replicating the information in 
the electrical signal but havine a plurality of optical 
wavelengths at an output. Between the first and second 
converters a 2x2 optical switch may be inserted to allow 
for this optical signal to be "dropped" and another signal 
of arbitrary wavelength added. Similarly, between the 
second and third converter in each path, a 2x2 electrical 
switch may be used to allow electrical signals to be sim- 
ilarly dropped or added. Another ,the second optical 
switch in each path and common to all paths— having a 
plurality of switch inputs and a plurality of switch outputs 
and a plurality of optical waveguides or fibers extending 
between the plurality of switch inputs and the outputs of 
the plurality of the third converters — is also included. 
Each input optical fiber to the switch, carries the optical 
signal in a broad spectrum of wavelengths generated by 
the third converter, replicating the information of one 
input wavelength from one input fiber. The second opti- 
cal switch is configured to select each of the optical sig- 
nals input to it from each of the switch inputs and 
controllably direct that optical signal to any of the switch 
outputs. Once each signal has been routed to the 
desired position, these outputs are each incident on a 
fourth optical converter — e.g., an optical multiplexer. 
Depending on the input waveguide position on the opti- 
cal multiplexer, only a limited range of- wavelengths are 
transported to the common output arm for all such inci- 
dent signals. Such optical multiplexers are commonly 
nxm devices, whereby any designed set of m different 
wavelengths incident on the multiplexer m input ports 
from different fiber paths can be combined onto a com- 
mon output fiber path, A different set of m wavelengths 
incident on the same fiber paths can be designed to exit 
on another or the same output fiber path if so desired. In 
this way, optical signals on the plurality of input fibers 
may be controllably routed and multiplexed to the plural- 
ity of output fibers without restriction as to the wave- 
lengths in which they were originally carried into such a 
device. Specifically, the first, second, third, and fourth 
converters cooperate to ensure the optical signals that 
are multiplexed together on a single optical fiber are of 
differing wavelength in an extremely economical fash- 
ion. 



[001 1 ] In accordance with the preferred embodiment, 
the third converter is implemented with an edge emitting 
light emitting diode (ELED) Alternatively a wavelength 
tunable laser, whereby the laser wavelength can be 

5 changed, could be used. This provides a low-cost solu- 
tion having the functional benefits of both surface LEDs 
and lasers. Specifically, a laser emits a signal of a single 
wavelength in a single direction, while an LED emits a 
broad range of radiation in all directions. A general 

w shortcoming of LEDs is that they are not capable of 
directing a sufficient amount of power into a single fiber 
for transmission. Advantageously, the utilization of an 
ELED is that it confines the light emission much more 
efficiently than a typical surface emitting LED, and 

75 therefore achieves good power transfer into an optical 
fiber. At the same time, it provides a rich selection of 
wavelengths from which the frequency/wavelength 
selective optical multiplexer may then "select" one of 
these wavelengths such that no two optical signals, hav- 

20 ing similar wavelengths, are multiplexed on a common 
output fiber from such an optical multiplexer. 
[0012] In accordance with the preferred embodiment, 
the apparatus further includes at least one wave divi- 
sion de-multiplexer configured to receive a plurality of 

25 optical input signals of differing wavelengths carried on 
a single optical fiber, and output the received optical 
input signals on spatially distinct output fibers. Each out- 
put fiber is disposed in communication with one of the 
plurality of input fibers and carries a single optical signal 

30 of a distinct wavelength. Also, a second pptical switch is 
disposed between each output fiber of the at least one 
wave division multiplexer and the associated input fiber. 
[001 3] In accordance with another aspect of the inven- 
tion, a method is provided for multiplexing optical sig- 

35 nals in an optical network. Prefergbiy, the method 
includes the steps of receiving a plurality of optical input 
signals having varying wavelengths on a plurality of 
optical fibers, and converting the plurality of optical input 
signals into a plurality of electrical signals, wherein the 

40 plurality of electrical signals are defined by varying fre- 
quencies, each electrical signal replicates the informa- 
tion carried in one wavelength of the input fiber. The 
method then converts each of the of electrical signals 
into plurality of converted optical signals, and selects a 

45 smaller range of these wavelengths of the plurality of 
converted optical signals for outputting to an output opti- 
cal fiber through the presence of the fourth converter — 
i.e., the optical multiplexer. 

[0014] In accordance with a more specific aspect of 
50 the invention, a method is provided for switching n opti- 
cal input signals, carried on x optical fibers, to m optical 
output signals, carried on y optical fibers. Preferably, the 
method includes the steps of demultiplexing the n opti- 
cal input signals from the x optical input fibers to n opti- 
55 cal fibers, and converting the n optical signals to n 
electrical signals. It further converts the n electrical sig- 
nals to optical signals, by passing each of the n electri- 
cal signals through a converter that is configured to 
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generate a plurality of optical signals, each signal being 
carried in a range of wavelengths. Then, the preferred 
method communicates each of the n plurality of optical 
signals through n optical fibers to a non-blocking switch 
having n inputs ad m outputs. It then selects one of the 5 
plurality of optical signals at each of m of the n inputs of 
the blocking switch, and controllably passes the m 
selected signals to the m outputs of the blocking switch. 
Finally, the preferred method multiplexes the m outputs 
of the blocking switch onto y optical fibers. 
[0015] The embodiment above describes an all-opti- 
cal version of the invention. However, an alternative 
embodiment, which allows for a migration over time 
from electrical or electro-optical to the above all-optical 
design, also has significant advantages. In such an 
embodiment, a second optica! switch, common to all 
paths is replaced by an electronic switch and the con- 
nection path for each signal is slightly rearranged. 
[0016] Optical switches, while transparent to the opti- 
cal bit rate carried are generally very expensive when 
they have a large number of input and output fiber 
paths. In practice optical switches with more than thirty- 
two input ports can cost hundreds of thousands of dol- 
lars or more. 

[001 7] While this may prove economical to rearrange 
thousands of megabits of information per second, it will 
he disproportionately costly if the base signals to be 
rearranged are only one to one hundred megabits/sec, 
as electrical switches can handle this rate much more 
cost effectively, and for relatively large input port counts 
(e.g., up to one thousand ports). Electronic switches, 
such as the DACS-III and DACS-IV. allow signal switch- 
ing of forty five megabits/sec and 1.544 megabits/sec, 
respectively There are applications in which the base 
rate is in this area. POTS (64kilobits/sec), T1 
(1 .544megabits/sec) and T3 (45megabits/sec) signals 
for example. However, the total network cost may be 
such that carrying these signals in separate optical 
wavelengths may prove economical. For example, 
broadband access whereby each subscriber who today 
has only POTS at 64 kilobits/sec will have T1 or T3 bit 
rates made available to use. In these cases, the ability 
to cost-effectively reanrange these signals onto different 
optical paths is important. By using an electrical switch 
in place of the mxn optical switch, this objective is 
achieved in a cost-effective level. Further, if higher rate 
electrical switches are available (e.g., 622MBs). this 
could also be preferable for those base rates. This 
would allow wavelength converting rearrangement up to 
rates that were also suitable for the interoffice network. 
[0018] Above the level that is economic for electrical 
switches, the electrical switch could simply be replaced 
with the optical switch and further improvement in total 
throughput of the switch could be achieved 

Description Of The Drawings 

[0019] Tlie accompanying drawings incorporated in 



and forming a part of the specification, illustrate several 
aspects of the present invention, and together with the 
description serve to explain the principles of the inven- 
tion. In the drawings: 

FIG. 1 is a block diagram of one embodiment of an 
optical switching apparatus constructed in accord- 
ance with the present invention; 

FIG. 2 is a block diagram of an alternative embodi- 
ment of the present invention; 

FIG. 3 is a block diagram of an alternative embodi- 
ment of the present invention; and 

FIG. 4 is a block diagram of an alternative embodi- 
ment of the present invention. 

Detailed Description Of The Preferred Embodiment 

[0020] Having summarized various aspects of the 
present invention, reference will now be made in detail 
to the description of the invention as illustrated in the 
drawings. While the invention will be described in con- 
nection with these drawings, there is no intent to limit it 
to the embodiment or embodiments disclosed therein. 
On the contrary, the intent is to cover ail alternatives, 
modifications and equivalents included within the spirit 
and scope of tiie invention as defined by the appended 
claims. 

[0021] Turning now to the drawings. FIG. 1 illustrates 
one embodiment incaporating the present invention. 
Specifically, FIG. 1 illustrates the inventive concepts as 
applied in an apparatus incorporating a 16 x 16 optical 
switch 12. As will be appreciated from the discussion 
that follows, the present invention combines a class of 
passive optical components called fburier filters witii 
ELEDS and digital and/or optical cross connect 
switches. The desirable features of these various com- 
ponents are accommodated without significant deleteri- 
ous effects, and can be designed to be highly 
upgradable to higher bit rates at minimal incremental 
cost. The invention described herein, provides the abil- 
ity to switch signals from one optical fiber to another, 
including the ability to change the wavelength of a trans- 
mitted signal, if necessary, in order to multiplex that sig- 
nal with another signal in a common optical fiber. A 
preferred embodiment of the invention furtiier allows 
additional signals to be added (from another source), 
either electrical or optical. Furthernnore, the use of Fou- 
rier Filter passive components allows for the signals in 
each wavelengtii to be as low as one megabit per sec- 
ond in an optical form. If a digital cross connect switch is 
used, for example a DACS 2000. DS-3 signals can be 
switched and multiplexed [i.e., rearranged at the DS- 1 
level and combined at the DS- 1 level). As is known, the 
Fourier Filter can be used to facially separate each of 
the different wavelengtiis on a fiber. 



15 



20 



25 



30 



35 



40 



45 



50 



7 



EP 0 933 964 A2 



8 



[0022] As can be seen from the illustration of FIG. 1 . 
a plurality of similar components are duplicated in col- 
umn arrangements. Since similar components behave 
similarly, the overall operation on performance of the 
apparatus 10 Qf FIG. 1 will be appreciated from the dis- $ 
cussion of only some of these components, and the 
operation of each need not be repeatedly discussed to 
gain an understanding and appreciation of the present 
invention. For example, the apparatus, generally desig- 
nated by reference numeral 10 is illustrated as having w 
four input fibers 14. 15 . 16, and 17 and four output fib- 
ers 20. 21 , 22, and 23. Each of the four input optical fib- 
ers 14, 15, 15, and 17 are directed to a dense 
wavelength demultiplexer (DWDM - a passive Fourier 
Filter component) 26, 27, 28, and 29, respectively. Each is 
end DWDM operates to receive a plurality of optical sig- 
nals on a signal optical fiber, demultiplex the vai'ious 
signal wavelengths and output the demultiplexed sig- 
nals on a plurality of output fibers. For example, DWDM 
26 receives multiple signals on a single optical fiber 20 
input 14 and generates outputs 30, 31. 32. and 33, 
Accordingly, it will be appreciated that four differing 
wavelength optical signals may be carried in fiber 14, 
which four optical signals are demultiplexed by DWDM 
26 and placed individually on fibers 30, 31 . 32. and 33. 25 
[0023] In the preferred embodiment, the outputs from 
the DWDMs are directed to individual and distinct opti- 
cal switches. For example, the optical fiber 30 output 
from DWDM 26 is directed to a 2 x 2 optical switch 36. 
As a 2 X 2 switch, the switch 36 has two inputs 30 and so 
38 and two outputs 40 and 41. In this configuration, an 
outside optical signal may be delivered via fiber 38 to 
the apparatus of FIG. 1 . Similarly, an optical signal car- 
ried on fiber 14 may be routed away from the apparatus 
10, via fiber 41. In this way, additional signals may be 3s 
introduced to the apparatus 10 or extraneous signals 
may be routed away from the apparatus 10. 
[0024] The output 40 from the optical switch 36 is 
directed to an optical to electrical converter 44. This 
converter 44 converts signals from the optical to the 40 
electrical domain. Accordingly, the output 46 is an elec- 
trical signal that is delivered to an electrical switch 50. 
Since optical to electrical converters are known and 
understood in the art, converter 44 need not be dis- 
cussed herein. 45 
[0025] The output 46 of converter 44 is directed to an 
electrical switch 50. In the illustrated embodiment, the 
electrical switch 50 is a 2 x 2 electrical switch, having 
two inputs 46 and 48 and two outputs 52 and 54. Thus, 
like the 2 X 2 optical switch 36, the electrical switch 50 so 
may add an electrical signal directed in from tine 48, or 
may direct an electrical signal out to another device on 
signal line 54. In short, the incorporation of the optical 
switch 36 and the electrical switch 50 enables the appa- 
ratus 1 0 to receive additional signals (in either optical or 55 
electronic form) or direct signals away from the appara- 
tus 10. Further, and as will be appreciated by those 
skilled in the art, the switches 36 and 50 need not be 2 



X 2 switches, but may be of some other size. As the 
switches grow in size, allowing greater interconnectivity. 
the flexibility and adaptability of the resulting system is 
increased accordingly 

[0026] Important to a central aspect of the present 
invention is the ability to convert the wavelength of opti- 
cal signals being multiplexed. Namely, it was noted as a 
shortcoming of prior art systems that optical signals of 
similar wavelengths cannot be coupled or multiplexed 
onto a common optical fiber. This is achieved by provid- 
ing a mechanism capable of generating a plurality of 
optical output signals of differing wavelengths. In the 
preferred embodiment, ELEDs 56 are utilized for this 
function. An electrical signal is delivered to the input of 
the ELED 56 and a spectrum of optical signals are pro- 
vided at the output, on ftoer 58. The benefits of utilizing 
an ELED 56 is versatility and relatively low cost. Like a 
traditional surface emitting LED, an ELED generates a 
rich selection of wavelengths at its output. However, 
unlike the traditional surface emitting LED. the edge 
emitting or ELED has a concentrated area of output, 
and is therefore well suited for delivering the rich, multi- 
wavelength signal through an optical fiber A frequency 
selector is then used to select among the plurality of 
optical wavelengths contained on fiber 58 to deliver to 
fiber 62. Specifically, if two optical signals, for example 
one arriving on fiber 1 4 and one an-iving on fiber 1 7. are 
to be combined on a single output fiber, for example out- 
put fiber 20, and have similar wavelengths, the wave- 
length of one must first be converted. Thus, the 
frequency selector 60 may select any of a number of the 
optical output signals 58 that is suitable for the ultimate 
transmission on an output fiber (e.g., fiber 20). 
[0027] Alternatively, the switch 12 may be configured 
as a blocking switch, whereby the frequency selection 
feature is incorporate therein. 

[0028] The various optical signals {e.g., fiber 62) are 
delivered to an optical switch 12. through which the opti- 
cal signals may be switched, routed, and directed to out- 
put DWDMs 66. 67, 68. and 69. In the illustrated 
embodiment, each of the dense wavelength division 
multiplexers at the output have four input fibers and a 
single output fiber. Thus, each multiplex four optical sig- 
nals onto a single optical fiber. It will be appreciated, 
however, consistent with the concepts and teachings of 
the present invention that the DWDMs {e.g., 26 and 66) 
may be of differing size. Similarly, the electrical and opti- 
cal switches utilized in the illustrated embodiment may 
be of varying sizes to enhance the flexibility of the 
present invention. 

[0029] A controller 70 is provided to control the overall 
operation of the devices illustrated in FIG. 1 . Specifi- 
cally, the controller 70 controls the configuration of opti- 
cal switches 36. electrical switches 50, frequency 
selector 60, and the optical switch 12. Through specific 
control and configuration of these devices, the controller 
70 controls the routing of optical signals through the 
apparatus 10 of the present invention. It will be appreci- 
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ated that the controller 70 may be implemented in a 
variety of ways, including specific circuit configurations, 
as well as general circuit configurations controlled by 
software. Since the particular implementation of control- 
ler 70 is not an integral part of the presently claimed 5 
invention, a detailed discussion of the controller 70 
need not be provided herein, as it will be appreciated by 
those of skill in the art. 

[0030] Having described a particular environment and 
implementation of a preferred embodiment of the 10 
present invention, reference is briefly made to FIG. 2, 
which is a block diagram illustrating a simplified ennbod- 
iment. but nevertheless embodying the important fea- 
tures of the present invention. In this embodiment, the 
invention employs DWDMs 126 at the input, which is 
receive multiplexed optical signals on a common fiber, 
demultiplexes those signals and places the individual 
demultiplexed signals on output fibers 130, 131, 132. 
and 133: The individual optical signals are then passed 
through an optical to electrical converter 1 44 which gen- 20 
erates an electrical signal that is delivered to an ELED 
156. As previously described, the ELED 156 generates 
a spectrum of output optical signals that are delivered to 
frequency selector 160. The output of frequency selec- 
tor 160 is then delivered to the optical switch 112. 25 
[0031 ] From the brief discussion given above, and the 
drawings, it will be appreciated by those skilled in the art 
that the embodiment of FIG. 2 offers a much simplified 
apparatus 110 over that illustrated in FIG. 1. The trade- 
off, of course, is realized by eliminating the optical and 30 
electrical switches. However, this system of FIG. 2 sac- 
rifices the ability to route optical and electrical switches 
into and away from apparatus 110, and thus system 
flexibility is compromised. 

[0032] Reference is now briefly to FIG. 3 which illus- 35 
trates a system very similar to FIG. 1 . A central differ- 
ence, however, is that the optical switch 12 (of FIG. 1) is 
replaced with a digital switch 212. Accordingly, the 
inputs and outputs contain electrical as opposed to opti- 
cal signals. As is illustrated by line 272, rather than 40 
directing the output of ELEDs 256 to the digital switch 
212, the output of digital switch 250 is directed to digital 
switch 212. Then, the output 274 of digital switch 212 
may be directed to the input of ELED 256. As before, the 
output of ELED 256 may then be routed through a fre- 45 
quency selector 260 and delivered onto the output 
wavelength division multiplexer 256. It will be appreci- 
ated that the embodiment of FIG. 3 is very similar, con- 
ceptionally, to the embodiment of FIG. 1. Replacing the 
optical switch 12 with the digital switch 212, however, so 
necessitates a reordering of conponents. Specifically, 
rather than having the ELEDs 256 on the front end of 
the digital switch 212. they are configured effectively, on 
the output side of digital switch 212. 
[0033] Finally, reference is made briefly to FIG. 4 ss 
which illustrates a further embodiment similar to those 
illustrated in FIGS. 1 and 3. As shown in FIG. 4, the sys- 
tem is expanded and includes two switches 312 and 



412. Switch 312 is a 16 X 16 optical switch and switch 
412 is a 16 X 16 , digital switch. Effectively, the embodi- 
ment of FIG. 4 incorporates both the concepts 
expressed through FIGS. 1 and 3. Having already 
described the general layout and operation of these 
embodiments, further desaiption in connection with 
FIG. 4 need not be presented. Instead, one of ordinary 
skill in the art will appredate from the drawings the use- 
ful features provided therein. 

[0034] The foregoing description has been presented 
for purposes of illustration and description. It is not 
intended to be exhaustive or to limit the invention to the 
precise forms disclosed. Obvious modifications or vari- 
ations are possible in light of the above teachings. For 
example, as should be appredated from the discussion 
herein, in accordance with one aspect of the invention, 
an optical switching network for switching n optical input 
signals to m optical output signals may be provided. The 
n optical input signals may be carried on x optical fibers 
(e.^., 14, 15, 16, 17) and the m optical output signals 
may be carried on y optical fibers (e,g„ 20, 21 , 22. 23). 
In accordance with this embodiment, the optical switch- 
ing network includes x demultiplexers (e.g., 26. 27, 28, 
29) disposed to receive the n optical input signals, each 
of the n demultiplexers further configured to receive a 
plurality of multiplexed optical input signals and output 
the multiplexed optical input signals on spatially sepa- 
rated optical fibers. It further includes a first converter 
optically connected to the spatially separated optical fib- 
ers of the demultiplexers, the first converter configured 
to convert the n optical signals into n electrical signals 
and deliver the n electrical signals to n electrical output 
signal lines. A second converter (eg?.. 60) is electrically 
connected to the electrical output signal lines of the first 
converter. The second converter is configured to con- 
vert each of the n electrical signals into a plurality of 
converted optical signals of varying optical wave- 
lengths, and place each of the plurality of converted 
optical signals onto a single optical fiber so that there 
are n optical fibers output from the second converter. A 
blocking switch 12 has n inputs and m outputs, the n 
inputs being in optical communication with the n optical 
fibers output from the second converter. The blocking 
switch Is further configured to select one of the plurality 
of optical signals at each of its n inputs and direct the 
selected optical signals to any of the m optical outputs. 
Finally, y multiplexers {e.g., 66, 67, 68, 69) are provlced. 
Each of the y multiplexers has a plurality of input lines 
being optically connected to a plurality of the m outputs 
of the blocking switch and a single output. 
[0035] The embodiment or embodiments discussed 
were chosen and described to provide the hest illustra- 
tion of the principles of the invention and its practical 
application to thereby enable one of ordinary skill in the 
art to utilize the invention in various embodiments and 
with various modifications as are suited to the particular 
use contemplated. 
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Claims 

1. An apparatus for multiplexing optical signals in an 
optical network comprising; 

a plurality of Input fibers disposed to receive a 
plurality of optical input signals, each of the 
optical input signals being defined by a wave- 
length: 

a first converter disposed in series with each 
one of said input fibers, the first converter con- 
figured to convert the optical input signal 
received by the fiber into an electrical input sig- 
nal wherein the electrical input signal is defined 
by a frequency that corresponds to the wave- 
length of the optical input signal; 

a second converter disposed in series with the 
first converter, the second converter configured 
to convert the electrical input signal into a plu- 
rality of optical signals of differing wavelengths 
at an output; 

a first optical switch having a plurality of switch 
inputs and a plurality of switch outputs and a 
plurality of c^tical fibers extending between the 
plurality of switch inputs and the outputs of the 
plurality of second converters, wherein each 
optical fiber carries the optical signals of differ- 
ing wavelengths generated by the second con- 
verter, the optical switch being further 
configured to select one of the optical signals of 
differing wavelengths from each of the switch 
inputs and controllably direct that optical signal 
to any of the switch outputs. 

2. The apparatus as defined in claim 1 , wherein the 
second converter is an edge emitting light emitting 
diode. 

3. The apparatus as defined in claim 1 . further includ- 
ing at least one wave division de-multiplexer config- 
ured to receive a plurality of optical input signals of 
differing wavelengths carried on a single optical 
fiber, and output the received optical input signals 
on spatially distinct output fibers, each output fiber 
is disposed in communication with one of the plural- 
ity of input fibers and carries a single optical signal 
of a distinct wavelength. 

4. The apparatus as defined in claim 3. further includ- 
ing a second optical switch disposed between each 
output fiber of the at least one wave division multi- 
plexer and the associated Input fiber. 

5. The apparatus as defined in daim 4. wherein the 
optical switch includes a first input in communica- 



tion with the output fiber of the wave division multi- 
plexer and a first output in communication with to 
the input signal of the second converter. 

5 6. The apparatus as defined in claim 5. wherein the 
optical switch further includes a second input for 
connection to an auxiliary input fiber, the second 
optical switch being configured to selectively estab- 
lish an optical communication link between one of 

w either the first or second Inputs to the first output. 

7. TTie apparatus as defined in claim 5, wherein the 
optical switch further includes a second output, the 
second optical switch being configured to selec- 

15 tively establish an optical communication link 
between the first input and one of either the first or 
second outputs. 

8. The apparatus as defined in claim 6, wherein the 
20 optical switch further includes a second output, the 

optical switch being configured to selectively estab- 
lish a optical communication link between one of 
either the first or second inputs and one of either 
the first or second outputs. 

25 

9. The apparatus as defined in claim 3, wherein the 
apparatus includes a plurality of second optical 
switches disposed between the plurality of input fib- 
ers and the plurality of first converters. 

30 

10. A method for switching for switching n optical input 
signals to m optical output signals, the n optical 
input signals carried on x optical fibers and the m 
optical output signals carried on y optical fibers, the 

35 method comprising the steps of; 

demultiplexing the n optical input signals from 
the x optical input fibers to n optical fibers; 

40 converting the n optical signals to n electrical 

signals: 

converting the n electrical signals to optical sig- 
nals by passing each of the n electrical signals 
45 through a converter that is configured to gener- 

ate a plurality of optical signals having varying 
wavelengths; 

communicating each of the n plurality of optical 
50 signals through n optical fibers to a blocking 

switch having n inputs and m outputs; 

selecting one of the plurality of optical signals 
at each of m of the n inputs of the blocking 
55 switch; 

controllably passing the m selected signals to 
the m outputs of the blocking switch; and 
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multiplexing the m outputs of the blocking 
switch onto y optical fibers. 
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(54) Optical network switching system 

(57) An apparatus is provided for multiplexing opti- 
cal signals in an optical network. In accordance with one 
aspect of the invention, the apparatus includes a plural- 
ity of input fibers disposed to receive a plurality of opti- 
cal input signals. Each optical input signal is defined by 
a wavelength. A first converter is disposed in series with 
each of the plurality of input fibers, and is configured to 
convert each optical input signal into an electrical input 
signal in a nnanner such that each electrical input signal 
is defined by a frequency that corresponds to the wave- 
length of the optical input signal. A second converter is 
disposed in series the first converter, and is configured 
to convert the electrical input signal into a plurality of 
optical signals of differing wavelengths at an output. A 
first optical switch — having a plurality of switch inputs 
and a plurality of switch outputs and a plurality of optical 
fibers extending between the plurality of switch inputs 
and the outputs of the plurality of second converters — 
is also included. Each optical fiber, within the first optical 
switch, carries the optical signals of differing wave- 
lengths generated by the second converter. The first 
optical switch is configured to select one of the optical 
signals of differing wavelengths from each of the switch 
inputs and controllabiy direct that optical signal to any of 
the switch outputs. In this way optical signals on the plu- 
rality of input fibers may be controllabiy routed and mul- 
tiplexed to the plurality of output fibers. Specifically the 
first and second converters cooperate to ensure the 
optical signals that are multiplexed together on a single 
optical fiber are of differing wavelength. 
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